Blood samples, morphometric measurements and behavioural data were collected weekly for 52 weeks from six adult Eld's deer stags exposed to natural fluctuations in photoperiod (38\s=deg\Nlatitude). Mean ( \ m=+-\ sem) serum LH concentrations reached peak values in the autumn (October), three months before FSH and testosterone concentrations reached peak values in early winter (January). Prolactin concentrations were inversely related (r = \m=-\0.733, P < 0.001) to LH and directly related to daylength, and maximal concentrations were observed during mid-summer (July) and minimal concentrations during early winter (January). The temporal pattern of circulating inhibin was positively correlated with FSH (r = 0.88, P < 0.001), but lagged behind the seasonal FSH increase by 1\p=n-\3weeks. Antler length, body weight and chest girth were maximal during pre-rut (December\p=n-\January).
Introduction
Environmental factors act as proximate cues modulating the onset and cessation of reproductive activity in most seasonally breeding mammals (Lincoln and Short, 1980; Bronson, 1988) . Knowledge about seasonal reproduction in male ungulates has been largely derived from studies of domestic rams and temper¬ ate deer species. There are 40 cervine species in the family Cervidae, but endocrine control of the annual testicular cycle has been studied only in white-tailed deer (Odocoileus virginianus, McMillin et al, 1974; Mirarchi et al, 1978; Bubenik et al, 1982) , black-tailed deer (Odocoileus hemionus columbianus, West and exposed to wide seasonal oscillations in photoperiod in their native habitat, they are subjected to an extended rainy season (mid-May to mid-October) (Wemmer and Grodinsky, 1988) . Eld's deer hinds are seasonally polyoestrous, spontaneous ovulators: onset of oestrus occurs in late winter or early spring, followed by a 4-6 month seasonal or lactational anoestrus beginning in the autumn (Monfort et al, 1990) . The average gestation lasts about 8 months, and 80-90% of births in captivity occur between September and November in France (48°N latitude, Prescott, 1987) , the United States (38°N lati¬ tude, Wemmer and Grodinsky, 1988) and India (25°N latitude, Desai and Malhotra, 1970) . Stags are fertile at one year of age and exhibit sexual and aggressive behaviours characteristic of 'rut' during late winter and early spring in Southeast Asia (Salter and Sayer, 1986) and the United States (Wemmer and Grodinsky, 1988) .
There is a general consensus that deer species living between 20°N and 20°S exhibit little seasonality in their native habitats and remain aseasonal even when translocated to temperate zones (Lincoln, 1985; Loudon and Brinklow, 1992) . However, Eld's deer are unique because they are strongly seasonal in sub¬ tropical habitats and do not exhibit a latitudinal shift in the timing or duration of their annual reproductive rhythms, even when translocated to temperate latitudes. Thus, we became interested in studying the similarities and differences in endo¬ crine regulatory mechanisms between this subtropical species and temperate cervids. The present work represents the first in a series of studies detailing the reproductive biology of the male Eld's deer. The objectives here were to characterize and relate circannual rhythms in reproductive hormones to (i) gross morphometry, (ii) behavioural cues indicative of rut, (iii) ejaculate characteristics and (iv) testicular histology.
Materials and Methods

Animals and sample collections
Six adult Eld's deer stags (2-8 years of age; 70-120 kg body weight) were maintained at the Smithsonian Institution's Conservation and Research Center, Front Royal, VA (38°N latitude). Deer were housed individually in indoor stalls (3.4 m x 4.6 m with skylights) connected to outdoor enclosures (3.6 m x 36.6 m) and exposed to natural fluctuations in photo¬ period. Individuals were maintained within visual proximity to other males and within auditory and olfactory proximity to conspecific adult males and females. Blood samples were collected weekly (jugular venepuncture, 10 ml) from each male after xylazine hydrochloride sedation (Rompun, Mobay Corp., Shawnee, KA; 0.5 mgkg-1, i.m.). After a 2 h clot time, blood samples were centrifuged (1500 #, 20 min), and sera were harvested and stored at -70°C until analysed.
Luteinizing hormone assay
Serum LH was analysed using a heterologous 125I doubleantibody radioimmunoassay which used a rabbit anti-ovine LH antiserum (PKC-231A, J. L. Brown) as the first antibody, puri¬ fied ovine LH (LER-1056-C2, L. E. Reichert, Jr, Albany Medical College, Albany, NY) as the tracer and ovine LH (NIH-LH-S18, National Pituitary Program, Baltimore, MD) as the standard (Brown et al, 1991a) . Serial dilutions of pooled Eld's deer serum yielded displacement curves parallel to that obtained for the LH standard. The mean recovery of ovine LH (range, 0.03-4 ng per tube) added to Eld's deer serum, after subtraction of endogenous hormone, was 99.3 ± 3.8% (y = 1.03x + 0.005, r1 = 0.98, < 0.001). Assay sensitivity, calculated as 90% of maximum binding, was 0.03 ng per tube. The interassay coefficients of variation for two separate internal controls were 10.0% and 9.9%; intra-assay variation was < 10%.
Follicle-stimulating hormone assay
Serum FSH was measured using a heterologous I25I doubleantibody radioimmunoassay with a rabbit anti-ovine FSH antiserum (JADLER 178, J. A. Dias, Wadsworth Research Institute, Albany, NY), purified ovine FSH (LER-1976-A2, L. E. Reichert, Jr) tracer and ovine FSH (NIH-FSH-S8, National Pituitary Program) standards (Brown et al, 1987) . Serial dilutions of serum yielded displacement curves parallel to that obtained with the standard preparation. The mean recovery of ovine FSH (range, 0.78-100 ng per tube), after subtraction of endogenous hormone, was 102.3 ± 4.4% (y = 1.06^+ 0.34, r2 = 0.99, < 0.001). Assay sensitivity was 0.5 ng per tube. The inter¬ assay coefficients of variation for two separate internal controls were 11.5% and 14.4%; intra-assay variation was < 10%.
Inhibin assay
Concentrations of inhibin in serum were determined in a single assay using an I25I double-antibody radioimmunoassay with an antiserum (JLB 492, J. L. Brown) developed against a synthetic porcine (1-30) inhibin fragment (inhibin-a; N. Ling, Salk Institute, San Diego, CA) (Brown and Chakraborty, 1991) . Serial dilutions of serum yielded displacement curves parallel to that obtained with the standard preparation. The mean recovery of inhibin-a (range, 0.0078-0.5 ng per tube), after subtraction of endogenous hormone, was 98.2 + 3.5% (y = 0.98x + 0.06, r1 = 0.99, < 0.001). Assay sensitivity was 0.01 ng per tube, and the intra-assay variation was < 10%.
Prolactin assay
Serum prolactin was measured using a I25I double-antibody radioimmunoassay with an anti-human prolactin antisera (NIDDK-human prolactin-3, National Pituitary Program) and ovine prolactin (NIDDK-ovine prolactin-I-2, National Pituitary Program) as the tracer and standard (Brown et al, 1992) . Serial dilutions of serum yielded displacement curves parallel to that obtained with the standard preparation. The mean recovery of ovine prolactin (range, 0.019-2.5 ng per tube), after subtraction of endogenous hormone, was 97.3 ± 4.1% (y = 0.92x 4-0.017, r2 = 0.99, < 0.001). Assay sensitivity was 0.02 ng per tube, and the inter-and intra-assay coefficients of variation were 7.5% and 9.2%, respectively.
Testosterone assay
Serum testosterone was analysed in unextracted serum using an I25I radioimmunoassay kit (ICN, Costa Mesa, CA). Serial dilutions of serum yielded displacement curves parallel to that obtained with the standard preparation. The mean recovery of testosterone (range, 0.1-10 ngml-1) was 99.4 + 3.1% (y = l.Olz -0.002, r1 = 0.99, < 0.001). Assay sensitivity was 0.1 ngml"1; the interassay coefficient of variation was 12.9%, and intra-assay variation was < 10%.
Gross morphometry
Before weekly blood sampling, each male was weighed using an electronic platform scale. Anaesthesia (xylazine, 0.3-0.5 mg kg-1 i.m.) then was induced, and antler length, neck and chest girth were measured by the same individual on the research team. Antler growth was measured by determining curved brow-tine and main beam lengths from when antlers were cast (June-July). These data were reported as the com¬ bined length (cm) of both right and left antlers. Stage of antler development (velvet, hard antler or casting) and the dates of natural velvet stripping were recorded. A flexible tape was used to measure neck (circumference at the base of the neck, cranial to the scapulae) and chest (circumference about 10 cm cranial to the last rib) girths while each animal was positioned in right lateral recumbency. Vernier calipers were used to determine the length and width of each testis, and these values were con¬ verted to combined testes volume per animal (Wildt et al, 1982) . Scrotal circumference was measured with a flexible tape while both testes were positioned in the distal portion of the scrotum (Chenoweth and Ball, 1980) .
Behavioural aggression
A subjective aggression score was recorded weekly for each male. All observations were made by a single individual with scoring based on the ability of this investigator to shift each stag from the animal's stall to a weighing platform using voice commands. The grading scale ranged from one (a timid animal that readily moved away and onto the platform in response to voice commands) to five (an animal that responded aggressively by ignoring the command and approaching the handler in a threatening 'head down' attack posture).
Electroejaculation and semen evaluation
Semen was collected from each male within 2 weeks of the summer solstice (June 21), autumn equinox (September 22), winter solstice (December 21) and spring equinox (March 20). Each animal was anaesthetized using a combination of ketamine (Ketaset, Aveco Co., Fort Dodge, IA; about 2 mg kg-1) and xylazine (about 0.25 mg kg-1) administered i.m., and semen was collected using a standardized electroejaculation protocol (Howard et al, 1986) . A sine-wave electrostimulator (AC 60-Hz) and rectal probe (P.T. Electronics, Boring, OR) were used to administer 90 incremental stimuli given in a 3 s on-off pattern in three series consisting of 30 (10 stimulations at 4, 5 and Statistical analyses Morphometric measurements, hormonal concentrations and ejaculate characteristics are presented as means + SEM. All statistical comparisons were performed using Statview 512 + (BrainPower, Inc., Calabasas, CA) on a Macintosh computer.
Comparisons among weekly and seasonal parameters were determined using correlation analyses and repeated measures analysis of variance. Multiple comparisons were made using Fisher's protected least significant difference test.
Results
Seasonal changes in circulating hormone concentrations
Between mid-summer and mid-autumn ( Fig. la ), testosterone concentrations (Fig. lb) were low (July-October; mean range 0.07-0.43 ng ml-1) and increased (P < 0.05) about sixfold above baseline values as winter approached (mid-November and December; mean range 0.44-1.86 ng ml-1). Peak testosterone concentrations were observed in winter, 3 months after the LH peak (January to mid-March; mean range 2.71-7.41 ngml-1).
Thereafter, testosterone declined steadily to basal concentrations ( < 0.50 ng ml "*) by early July.
Mean weekly serum LH concentrations (Fig. lc ) were lowest during early summer (July; mean range 0.88-0.94 ng ml-1), reached peak values as daylengths were declining during late autumn (October, 2.47 + 0.37 ng ml-1) and then gradually decreased during the next 6 months to about 1.0 ngml-1 by late spring (May-June; mean range 0.97-1.19 ng ml-1).
Prolactin concentrations (Fig. lc) were uniformly low throughout the autumn and winter (October-March; mean range 1.1-6.5 ng ml-1). Concentrations were above baseline values by mid-spring (April; < 0.05, 17.4 ± 5.3 ngml-1), increasing gradually throughout the late spring and summer to reach peak concentrations in early August (102.0 + 35.8 ngml"1). Prolactin then declined sharply by early autumn (October; mean, 2.2 + 1.2 ngml-1), just 2 weeks before the marked LH rise. Circannual LH and prolactin concentrations were inversely related (r = -0.73, < 0.001).
Serum FSH concentrations (Fig. Id) were lowest during the summer (July; mean 14.9 + 3.4 ng ml-1), but increased (P < 0.05) from mid-autumn (late October; mean 64.8 + 8.8 ngml-1), and continued to a peak value in January (120.7 ± 20.6 ng ml"!). During the next 4 months, FSH declined gradually to nadir concentrations by May-June (mean range, 18.4-28.2 ngml-1).
The temporal mean inhibin profile (Fig. Id) mirrored that ofFSH for both the upstroke (r = 0.95) and downstroke(r = 0.96; both < 0.001)oftheseasonalcycle.However,theoverallcorrelation for the entire unlagged cycle (r = 0.88) improved when FSH data were lagged behind inhibin for 1 week (r = 0.90), 2 weeks (r = 0.92) or 3 weeks (r < 0.93) (P < 0.001). Weekly mean inhibin was consistently low from late spring to the end of summer (May-September; mean range 0.43-0.52 ngml-), reaching a peak (P < 0.05) in January (mean range, 0.74-0.84) and then steadily declining to baseline values by the last week in April (mean 0.59 ± 0.04 ng ml-1).
Seasonal changes in gross morphometry and behaviour
All antlers remaining from the previous year were cast by mid-summer and new velvet antler growth ( Fig. 2a ) occurred from late summer to early winter. All males had stripped antler velvet by January. Mean body weight ( Fig. 2b ) increased steadily (about 0.9 kg per week) from a nadir of 87.8 + 5.2 kg in mid-summer (early July) to a pre-rut maximum of 105.0 + 5.5 kg by mid-winter (late January); weight declined thereafter until July. Mean neck girths (mean range 56.8-60.8 cm; Fig. 2c ) were lowest throughout summer (July-September), but gradually increased to peak values in February (mean range 70.6-74.7 cm). Mean chest girths (Fig. 2d ) were lowest during summer (July-August; mean range 106.9-115.8 cm). In slight contrast to neck measurements, maximum chest girths (mean range 119.3-124.8 cm) were observed during earlyto mid¬ winter (late November-February). Mean body weight, neck and chest girths did not return to values measured at the onset of the study, presumably because these deer generally continued growth and development. Behavioural aggression scores were lowest throughout the summer (July-September), but increased steadily thereafter until all males displayed peak and sustained aggressive behaviour in spring (March-May) ( Fig. 3a ). Maximum aggressiveness was not detected until after serum testosterone and testicular size began to decline, but spermatozoa concentration and quality remained high during this time. The level of aggression declined sharply during May and June in all males. Scrotal circumference and combined testes volume (Fig. 3b ) profiles were temporally similar. Both measures increased steadily (scrotal circumference, 0.3 cm per week; testes volume, 27.5 cm3 per week) from a nadir during mid-September (circumference 14.9 + 0.7 cm; volume 202.1 + 15.0 cm3) to a peak during early February (circumference 20-7 ±1-1 cm; volume 752-0 + 51-3 cm3). Mean testicular volume during the nadir of the testicular cycle (August- September) was 24.6 ± 1.9% (range 19.1 to 33.1%) of the seasonal maximum (December to February).
Seasonal changes in ejaculate characteristics and testicular histology Ejaculate volume (Table 1) motility during the autumn was lower than during the winter (P < 0.05). However, sperm motility ratings were similar (P > 0.05) during the winter, spring and summer. Progressive sperm status was lower during the summer than during the winter (P < 0.05); however, there were no differences (P > 0.05) in status assessments among the winter, spring and autumn.
Although the total number of motile spermatozoa per ejaculate was greater (P < 0.05) during the winter than during the autumn, the numbers of motile spermatozoa per ejaculate during the winter (P > 0.05) were similar to values observed during the spring and summer.
The percentage of structurally normal spermatozoa per ejacu¬ late was more than four times higher (P < 0.05) in the winter and spring (85.7% and 91.6%, respectively) than in the autumn (18.2%). During the autumn, the most common morphological defect was spermatozoa with abnormal acrosomes (>30%), although >25% of the pleiomorphisms consisted of residual protoplasmic droplets: > 10% had detached heads. Abnormal acrosomes (>17%) were also commonly observed during the summer with the majority of the remaining abnormalities consisting of residual, distal cytoplasmic droplets. During winter and spring, spermatozoa with abnormal acrosomes were absent from all ejaculates, and the few pleiomorphisms observed consisted mostly of immature spermatozoa with cytoplasmic droplets.
Histological evaluations of the testicular biopsies collected in February revealed active spermiogenesis with many rounded and elongated spermatids and spermatozoa near or within the enlarged tubular lumens (Fig. 4a ). Germ cell populations were distributed uniformly throughout the tubule. Few multinucleated giant spermatids were observed, and Leydig cells were promi¬ nent. In contrast, testicular biopsies collected during July revealed decreased numbers of spermatogonia and spermatids 'Values are means + SEM, and within row means with different superscripts are significantly different (P < 0.05). fSperm status was a subjective assessment of forward progressive motility on a graded scale: 0, no movement to 5, rapid, steady forward progression. within the seminiferous tubules (Fig. 4b ). Degenerating spermatids, cellular remnants, multinucleated giant cells and a heterogeneous population of spermatids and spermatocytes dominated the tubular lumina. In addition, germ cell populations were distributed irregularly within the tubular epithelium and Leydig cells were not prominent.
Discussion
Eld's deer represent a striking example of a subtropical species that exhibits similar seasonal reproductive patterns in their native habitat, even in several generations after translocation to northern temperate latitudes. Unlike most temperate, 'shortday' breeding cervids, maximum testicular growth, antler development and behavioural aggression occurred in Eld's deer during the winter and spring, as daylength increased. Antler formation corresponded to cyclic fluctuations in LH, FSH and testosterone in a similar way to that described for other cervids (Suttie et al, 1984) . However, the hormonal rhythms were shifted 6 months out-of-phase relative to most temperate deer. Antler growth began before LH and FSH increased and con¬ tinued while LH and FSH concentrations were high and testos¬ terone and prolactin were low. Like all other cervid species studied, antler mineralization and velvet stripping occurred when concentrations of testosterone were high, whereas casting occurred after testosterone was low (Suttie et al, 1984) .
Despite the seasonal phase difference between Eld's deer and other temperate cervids, the interactive dynamics of the pituitarygonadal axis were similar. LH concentrations reached peak values 3 months before maximum FSH and testosterone concentrations; this pattern is similar to the testicular reactivation pattern of red deer (Lincoln and Kay, 1979) . Because testosterone reached peak values as LH declined, increased testosterone secretion may have been associated with enhanced testicular sensitivity to LH rather than to increased pituitary LH secretion. Similar changes in testicular sensitivity have been related to altered numbers of testicular LH receptors in rams (Sanford et al, 1984) and impala (Brown et al, 1991b) . Overall, our data were similar to observations of white-tailed deer (Bubenik et al, 1982) , roe deer (Sempéré and Lacroix, 1982) and red deer (Suttie et al, 1984) , supporting the concept that LH is critical for initiating testicular steroidogenic activity, whereas FSH and testosterone are important for supporting spermatogenesis later, during the peak of the circannual testicular cycle.
Eld's deer were also similar to white-tailed deer (Mirarchi et al, 1978; Bubenik et al, 1982) in that seasonal peak FSH con¬ centrations occurred later than peak LH and closely paralleled the testosterone cycle and sperm production. In addition to playing a primary role in controlling spermatogenesis, FSH also stimulates inhibin secretion, presumably from the Sertoli cells (de Jong, 1988) . To our knowledge, this is the first report describing inhibin immunoreactivity in any cervid. The close temporal correspondence between circulating profiles of FSH and inhibin suggest that FSH was modulating inhibin secretion in Eld's deer. Similar temporal relationships have been reported in rams (Lincoln and McNeilly, 1989; Lincoln et al, 1990), supporting the concept of a dynamic feedback relationship between these two hormones. Our data suggest that FSH supported seminiferous tubular development during seasonal testicular reactivation and presumably stimulated increased inhibin secretion from Sertoli cells. Although FSH and inhibin patterns were correlated during both the upstroke and downstroke of the circannual cycle, inhibin concentrations continued to rise for 3 weeks after FSH began to decline in January during peak testicular activity. This result suggests that there is a dynamic change in hormonal interrelationships, because inhibin secretion appeared to 'catch up' with FSH secretion, eventually achieving sufficiently high concentrations to dampen further FSH release effectively. Fig. 4 . Seminiferous tubules from the testis of adult Eld's deer stags (a) biopsied at the peak (February) and (b) nadir Ouly) of the testicular cycle, (a) Active spermiogenesis with an evenly distributed population of germ cells and prominent Leydig cells can be seen, (b) A hetero¬ geneous population depleted of seminiferous tubules with luminal populations of degenerating spermatids, cellular remnants and multinucleated giant cells indicative of the regressed testis can be seen. Scale bar = 33 µ . Prolactin secretory patterns in Eld's deer were directly related to daylength and maximum concentrations were observed during long days and minimal concentrations during short days. Red deer (Kelly et al, 1982) , white-tailed deer (Mirarchi et al, 1978; Shulte et al, 1981; , reindeer (Ryg and Jacobson, 1982) , roe deer (Schams and Barth, 1982) and rusa deer (van Mourik and Stelmasiak, 1985) exhibit similar temporal patterns with maximum prolactin secretion occurring about the time of the summer solstice, regardless of latitude (Fig. 5 ). In contrast, peak concentrations of prolactin in Père David's deer (Elaphurus davidianus) occur about 6 weeks before the summer solstice, and it has been suggested that this shift is related to an early calving season relative to temperate deer species (Loudon et al, 1989; Loudon, 1991) .
The significance of prolactin as a modulator of the repro¬ ductive axis remains controversial. A striking inverse relation¬ ship was observed in Eld's deer between temporal patterns of prolactin and LH secretion. In white-tailed deer, suggested that prolactin modulates the sensitivity of the testes to LH via receptor-mediated mechanisms and acts as a secondary messenger of photoperiodically dependent season¬ ally. It is possible that prolactin may play a similar role in regulating the Eld's deer reproductive axis. However, it is also possible that the prolactin secretory rhythm simply reflects changing photoperiod and is unimportant in regulating seasonal reproduction. Evaluation of a growing database for cervids reveals that rutting activity can occur during either the upstroke or downstroke of the circannual prolactin rhythm. This result appears to refute assertions that prolactin acts to stimu¬ late or inhibit reproduction in long-day' (roe deer, Schams et al, 1987) or 'short-day' (Bubenik et al, 1987) breeding deer, and reveals the misleading implications of 'long-day' and 'short-day' terminologies. For example, although peak testicular activity in Eld's deer is achieved as daylengths are increasing, their testicu¬ lar cycle is phase-shifted almost 6 months earlier compared with roe deer, another 'long-day' breeder. Whereas prolactin increases in parallel with LH in roe deer (Schams et al, 1987) , our study here demonstrated that these hormones were inversely related in Eld's deer. Thus, characterizing prolactin as simply proor anti-gonadotrophic in relation to longor short-day breeding rhythms in cervids appears to be a great over¬ simplification, and further studies are warranted to understand this interrelationship clearly.
There was a close temporal relationship between the seasonal cycle of prolactin secretion and growth of the pelage in Eld's deer stags. Stags develop a greyish-brown coat during the winter, and moult occurs during late spring (as prolactin is increasing) resulting in a reddish-brown summer coat. Thus, the relationship between prolactin and pelage growth in Eld's deer is consistent with a role for prolactin in controlling the annual cycle of moult and growth of the pelage that has been demonstrated in other ungulates (Lincoln, 1990) .
A seasonal cycle in body weight, neck and chest girths was also observed in Eld's deer that was qualitatively similar to that observed in red deer (Suttie et al, 1984) , chital (Loudon and Curlewis, 1988) and fallow deer (Asher et al, 1989) . This seasonal pattern presumably reflects endogenous metabolic processes that are independent of gonadal steroid secretion and ad libitum food intake (see review, Loudon and Brinklow, 1992) . Eld's deer stags, as found for all cervids, exhibit a notable increase in voluntary food intake during the pre-rut period that presumably serves to maximize their body condition for rut.
The finding reported here that behavioural aggressiveness of Eld's deer was greatest as testosterone concentration and testis size were declining was similar to earlier reports in red deer stags (Lincoln and Guinness, 1973) and Soay rams (Lincoln and Davidson, 1977) . Aggressive behaviours in ungulates generally coincide with changes in sexual libido and mating behaviour in ungulates (Fraser, 1968) . The results reported here are consistent with a primary role for gonadal steroids in inducing sexual and aggressive behaviours indicative of rut in Eld's deer stags.
The general decline in the number of germ cells undergoing active spermatogenesis and the increased number of immature and abnormal cells in the regressed Eld's deer testis (July) were similar to histological evaluations of roe deer (Short and Mann, 1966) , red deer (Lincoln, 1971) , fallow deer (Chaplin and White, 1972) , black-tailed deer (West and Nordan, 1976), white-tailed deer (Wislocki, 1943) , reindeer (Meschaks and Nordkvist, 1962) and chital (Loudon and Curlewis, 1988) . Although producing ejaculates containing spermatozoa during all seasons, Eld's deer exhibited a high incidence of sperm pleiomorphisms per ejacu¬ late, particularly acrosomal defects during the regressed nadir of the testicular cycle. Sperm pleiomorphisms, including deformed acrosomes and flagella, occur commonly in a variety of season¬ ally breeding mammals during testicular regression (for review, see Lincoln, 1981) . Although the aetiology of sperm defects is unknown, degenerative processes presumably occur as an indirect consequence of the seasonal decline in gonadotrophin and testosterone secretion (Lincoln, 1981) . Abnormal degenerative cells may result from disruption of mitotic or meiotic divisions, and increased numbers of retained cytoplasmic droplets probably reflect maturational deficiencies within the epididymis (Lincoln, 1981) .
It has been suggested that mammals undergoing a circannual decline in testicular size to < 25% of the yearly maximum experience seasonal azoospermia (Lincoln, 1981) . Although this generalization accurately applies to red deer, fallow deer and roe deer (Lincoln, 1981), testicular volume in Eld's deer declined during the regressed phase of the testicular cycle to 24.6% of the seasonal maximum, yet motile spermatozoa were collected throughout the year. A decline to <25% of maximal testis size was also reported in chital deer, another species that failed to become azoospermic during the nadir of the testicular cycle (Loudon and Curlewis, 1988) . Thus, subtropical cervids appear to differ from temperate species in the degree to which spermato¬ genesis is arrested during the regressed phase of the seasonal testicular cycle.
Chital (Loudon and Curlewis, 1988) and rusa deer (van Mourik and Stelmasiak, 1985; van Mourik et al, 1986) are the only other 'tropical' species in which circannual testicular cycles have been studied in detail (both were studied at temperate latitudes). There is evidence that most chital deer maintained at 27°N (in native Nepal) rut during the spring (March-May) (Mishra and Wemmer, 1987) . However, individual chital stags, originating from the Indian subcontinent and maintained at 51°N, exhibit 13 month testicular-antler cycles that are poorly synchronized among males within the same herd. Antler development, morphometric characteristics and testosterone concentrations parallel changes in testis diameter (Loudon and Curlewis, 1988) . However, the absence of synchrony among herd-mates suggests that photoperiod may not be involved in modulating the reproductive axis in this species (Loudon and Curlewis, 1988) . In contrast, tropical rusa deer (native to equa¬ torial regions of Java, Timor and the Celebes) maintained in southern Australia (38°S) exhibit distinct seasonal reproductive patterns: peak fertility occurs during the late winter and spring (July-September) (van Mourik et al, 1986 ).
An intriguing question remains as to why tropically evolved rusa deer and Eld's deer stags maintained at 38°S and 38°N, respectively, achieve peak reproductive activity during increas¬ ing daylengths (winter, spring). Furthermore, why do these species respond 6 months out-of-phase to the same proximate environmental cues experienced by red deer, fallow deer and white-tailed deer living at the same temperate latitudes? The evolution of neuroendocrine responsiveness to hormones such as prolactin and melatonin probably served to reinforce seasonal reproductive rhythms in temperate species. In contrast, tropical cervids are not exposed to strong circannual photoperiodic rhythms, and, therefore, it is possible that selective pressures have favoured the evolution of reproductive patterns designed to exploit fluctuations in local food or habitat resources rather than photoperiod. For example, food abundance in tropical habitats is influenced by annual rainfall patterns. Thus, tropical species translocated to temperate environments may not respond to changing photoperiod, but rather may express endogenous rhythms linked to historical patterns of resource availability in the tropics. Captive Eld's deer have now been maintained in temperate zones for more than 50 years, and even as far north as 48°N, they continue to exhibit seasonal reproductive rhythms that are identical to patterns observed in their native subtropical habitat (Prescott, 1987 ). An alternative explanation to the endogenous rhythm theory is that Eld's deer may be responsive to subtle low amplitude photoperiod oscillations experienced in their native northern subtropical latitudes. Eld's deer may differ from temperate cervids only by responding 6 months out-of-phase to the same photoperiodic cues. Thus, translocating a tropical or subtropical cervid to northern, temperate latitudes may serve to further reinforce or strengthen seasonal rhythms because the direction of photoperiod change is similar and the amplitude of seasonal daylength changes is more pronounced. Despite strong seasonal metabolic and hormonal rhythms, apparent reproductive synchrony among individuals, and the suggestion that prolactin rhythms are tracking photoperiod, further studies are warranted to determine whether Eld's deer, and other tropical cervids, are truly photoresponsive. Detailed studies of tropical cervids in native environments to determine the impact of uniform photoperiod, seasonal rainfall patterns and food availability on reproductive seasonality are also necessary.
